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SPECIFICATION 

1 . Title of the Invention 

Laminated Formed Bodies 

2. Claim 

A laminated formed body in which a plasticized polyvinyl chloride resin compound serves as 
the outer layer 1 and a thin layer of a polyetherester elastomer serves as the inner layer 2. 

3. Detailed Description of the Invention 

The present invention relates to laminated formed bodies composed of a polyester elastomer 
and a polyvinyl chloride. The object of the invention is to provide laminated structures in the 
form of tubing or bags (laminated tubing, laminated bags, laminated bottles) that are flexible, 
have transparency, and are excellent in terms of their hygienic properties, with no elution of the 
monomers (MVC) or the various plasticizers present within the polyvinyl chloride into the 
contents of the formed bodies, and in particular to provide laminated structures in various forms 
that ar e suitable for medical use . 

Soft polyvinyl chloride resins and silicone rubbers are widely used as medical tubing 
materials, such as in transfusion sets, infusion sets, catheters, and lines for artificial heart-lung 
devices. Because polyvinyl chloride in particular is transparent and flexible, it is the most widely 
used, but a number of problems with this have arisen recently. One problem is the elution of 
plasticizers from the product. The plasticizer content is generally very high, and so there has 
been a great deal of concern over the toxicity of substances that are useful as plasticizers for 
increasing the flexibility. A second problem is the elution of vinyl chloride monomers, and a 
third problem is the elution of metal ions such as lead, tin, cadmium and barium that are used as 
heat stabilizers. In other words, because plasticized soft vinyl chloride materials are transparent, 
soft and inexpensive, there has been a growth in the use of these as disposable medical materials, 
but problems with safety arise from the elution of plasticizers, monomers, stabilizers and the like. 
On the other hand, silicone rubbers pose no problems whatsoever in terms of safety, but 
applications for these are limited because they lack transparency and do not have adequate 
mechanical strength. 

Although there have been some cases recently in which medical materials were developed 
from polyurethane elastomers and polyester elastomers, the elasticity and coloration of 
polyurethane elastomers poses problems, in addition to which these materials are inferior in 
terms of bioreactivity as well. Medical materials composed entirely of polyester elastomers are 
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the best in terms of safety, but their elasticity and transparency are inadequate; satisfying these 
properties results in too high a degree of tackiness, which makes molding or forming impossible. 

In light of the drawbacks of these prior-art materials, one object of the present invention is to 
provide medical materials having excellent flexibility and transparency, as well as excellent 
safety and hygienic properties. 

Noting that polyetherester elastomers have a large affinity with polyvinyl chloride, the 
inventors found that when a thin layer of polyetherester elastomer is formed as an inner layer to 
polyvinyl chloride, the bonded surface between both layers is secure, thereby making it possible 
to improve the safety without in any way compromising the flexibility and transparency of the 
polyvinyl chloride. This discovery ultimately led to the present invention. 

That is, the present invention provides laminated formed bodies in which a plasticized 
polyvinyl chloride resin compound serves as the outer layer and a thin layer of a polyetherester 
elastomer serves as the inner layer. 

The polyetherester elastomer in the present invention is a copolymer derived from (A) at least 
one type of dicarboxylic acid having a molecular weight smaller than 300, (B) at least one type 
of diol having a molecular weight smaller than 250, and (C) at least one type of long-chain 
glycol having a molecular weight of from 600 to 6000. 

The dicarboxylic acid (A) and the diol (B) make up the hard segments of the polyetherester 
elastomer. Dicarboxylic acids having a molecular weight of less than 300 include aromatic 
dicarboxylic acids such as terephthalic acid, isophthalic acid, phthalic acid, 2,6- and 1,5- 
naphthalenedicarboxylic acid; alicyclic dicarboxylic acids such as 1,4-cyclohexanedicarboxylic 
acid and 1,3-cyclohexanedicarboxylic acid; and aliphatic dicarboxylic acids such as oxalic acid, 
glutaric acid, adipic acid, azelaic acid and sebacic acid. It is also possible to copolymerize and 
use two or more of these. The diol (B) having a molecular weight of less than 250 that reacts 
with these dicarboxylic acid to form short-chain polyester may be an alkylene glycol such as 
ethylene glycol, propylene glycol, 1,4-butanedioI, neopentyl glycol, 1,5-pentanediol and 1,6- 
hexanediol; or a cycloalkylene glycol such as 1,4-cyclohexane dimethanol. Of these, the most 
suitable combinations of dicarboxylic acid and diols are those where terephthalic acid represents 
50-100 mol% of the dicarboxylic acid component, with isophthalic acid, phthalic acid, adipic 
acid or the like being copolymerized as the remaining 0-50 mol% of the dicarboxylic acid 
component, and the diol component consists primarily of 1 ,4-butanediol or 1,6-hexanediol. The 
reason why these combinations are preferable in the present invention is not only their excellent 
formability, chemical resistance and heat resistance at the time of sterilization, but also because 
the affinity with polyvinyl chloride resin is especially good and poses no problems such as 
peeling at the lamination interface. 

Examples that may be cited of the long-chain glycol (C) which reacts with the dicarboxylic 
acid (A) having a molecular weight of less than 300 to form the long-chain etherester soft 
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segments include poly(alkylene oxide) glycols such as polyethylene glycol, poly( 1,2- and 1,3- 
propylene oxide) glycol, poly(tetramethylene oxide) glycol, and copolymers of ethylene oxide 
and propylene oxide. Of these, poly(tetramethylene oxide) glycol are especially preferable 
because of their heat resistance, hydrolysis resistance, and resistance to chemicals, and also 
because of the elastic performance they impart to polyetheresters as well as other properties. 

The number-average molecular weight of poly(alkylene oxide) glycol is 600 to 6000, and 
preferably 600 to 4500. When the molecular weight is too large, the poly (alky lene oxide) glycol 
units themselves become crystalline, resulting in a loss in the elastic performance and also a 
decline in compatibility. On the other hand, when the molecular weight is less than 600, the 
length of the polyester hard blocks becomes too short, in which case there is also a loss in 
elasticity and a decline in the chemical resistance. It is necessary that the ratio of the 
copolyetherester represented by the polyetherester soft segment/polyester hard segment become 
from 85/15 to 10/90. When this is greater than 85/15, the affinity of the polyetherester to the 
polyvinyl chloride resin decreases, as a result of which the plasticizer elution-suppressing effect 
within the polyvinyl chloride resin becomes small. On the other hand, when this is smaller than 
10/90, the flexibility of the polyetherester is lost and the curing speed becomes very slow, 
thereby resulting in declines in the moldability and the transparency. 

The physical properties of copolyetherester elastomers ideal for preparing the laminated 
formed bodies of the present invention are a melting point of 130-180°C and an intrinsic 
viscosity, as measured at 30°C and at a concentration of 0.5% in o-chlorophenol, of at least 0.8 
but no more than 3.0. Copolymers having a melting point in this range are suitable for avoiding 
the thermal decomposition of the vinyl chloride resin. In cases where a copolyetherester is 
dissolved in a solvent and solution-coated, use can be made of [a copolyetherester elastomer] 
having a melting point of at least 180°C. A solution viscosity within the above-indicated range is 
preferable from the standpoint of the forming stability and the mechanical strength. 

The plasticized polyvinyl chloride resin compound serving as the other ingredient making up 
the laminated formed bodies of the present invention is a polyvinyl chloride containing 10-60% 
by weight of plasticizer. No more than 20 mol% of other vinyl polymers, such as poly vinylidene 
chloride or polyvinyl acetate, may also be copolymerized with the polyvinyl chloride. The 
plasticizers used may be phthalic acid esters such as diethyl hexyl phthalate, dioctyl phthalate 
and dibutyl phthalate, and common plasticizers that plasticize polyvinyl chloride, such as dioctyl 
adipate, dioctyl sebacate and epoxidized fats and oils. Moreover, the polyetherester itself can be 
used by blending it into the polyvinyl chloride in order to soften the polyvinyl chloride resin and 
increase its adhesion to the polyetherester layer. 

The laminated formed bodies of the present invention take the form of tubing or hose, bottles 
or bags, etc., in which a soft polyvinyl chloride resin layer serves as the outer layer and a 
polyetherester layer serves as the inner layer. When this is the tubing shown in Fig. 1, for 
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example, the inner layer 2 of the tubing that is in contact with the liquid or gas 3 passing through 
the tubing is made of a thin layer of polyetherester elastomer, and the layer 1 on the outside 
thereof is a plasticized polyvinyl chloride compound. 

This can be explained for a portion of the bottle shown in Fig. 2, in which the inner layer 2 
that comes into contact with a liquid or gas 3 is formed of a polyether polyester elastomer like 
that described above, and the outer layer 1 is formed of a thick layer of polyvinyl chloride 
compound. 

In this case, the thickness ratio (inner layer/outer layer) of the laminated formed body should 
preferably be within a range of about 1/1 to 0.01/1. That is, with just a polyetherester layer by 
itself, it is impossible to simultaneously achieve good flexibility, transparency and moldability, 
but by making the polyetherester layer thin and laminating onto this a polyvinyl chloride outer 
layer, a laminate can be obtained from which plasticizers and vinyl chloride monomers do not 
elute and which thus have excellent stable hygienic properties without any loss whatsoever in the 
flexibility and transparency of the polyvinyl chloride. Therefore, this [polyetherester layer] is 
laminated at a thickness that is essentially less than the thickness of the polyvinyl chloride resin 
outer layer, but is greater than about 1/1 00th of the outer layer thickness. A thickness of about 1 
mm is generally preferable in vinyl chloride materials for medical use, and so the inner layer 
thickness of the polyetherester is set at from about 10 microns to 0.5 mm. 

The method of forming the laminated formed bodies of the present invention is preferably a 
method in which the polyetherester elastomer and the plasticized polyvinyl chloride resin are 
laminated in a single step so as to form a multilayer structure. That is, the polyetherester and the 
plasticized vinyl chloride are si multaneously extruded into the form of tubing, sheets, or bottles 
(this being done, in the case of tubing and bottles, such that the polyetherester becomes the inner 
layer) using, for example, a conventional direct multicomponent extruder that has been heated to 
130-18O°C, following which, shape retention is imparted with the use of a suitable solidification 
apparatus such as a cooling bath, a mold or a drum. Laminated sheets are formed into a bag by 
heat sealing or the application of an adhesive, with the polyester elastomer layer on the inside. In 
addition, it is possible to obtain a laminate by a method such as directly laminating the 
polyetherester onto a vinyl chloride sheet that has been prepared beforehand, or coating [it 
thereupon as] a solution. 

The laminated structure of the present invention can be used in medical materials, including 
of course various types of medical tubings, catheters and bags such as infusion sets, transfusion 
sets, blood bags, infusion bags, dialysis lines, intravenous catheters, sheet-type oxygenators and 
artificial heart-lung lines. In addition, by taking advantage also of such properties as the 
transparency, flexibility, resistance to chemicals and hydrolysis resistance, [these laminated 
structures] can also be used in various types of tubing, bottles and bags, such as tubing for the 
transfer of drug solutions and bags for holding drug solutions. 
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Specific embodiments of the present invention are described in the following examples. 
Example 1 

After adding 13.9 parts of terephthalic acid, 5.98 parts of isophthalic acid, 21.6 parts of 1,4- 
butanediol and 20.0 parts of poly(tetramethylene oxide) glycol having a number-average 
molecular weight of about 1000 to a reactor equipped with a fractionating column and carrying 
normal-pressure esterification at 210°C for two hours, the temperature was raised to 245°C over 
a period of 30 minutes and polymerization was carried out under a vacuum of 0.3 mmHg, 
thereby giving a polybutylene terephthalate/polybutylene isophthalate/poly(tetramethylene 
oxide) glycol copolymer. 

This polyetherester and polyvinyl chloride resin containing 35% by weight of diethylhexyl 
phthalate (DEHP) as the plasticizer were sent to a direct multicomponent extruder heated to 
160°C, passed through a die, and extruded into water in the form of a tube, thereby giving a 
laminated tube having an outer diameter of 10 mm, an inner diameter of 8 mm, an inner layer 
thickness of 0.1 mm and a combined inner and outer layer thickness of 1.0 mm. This laminated 
tubing had a transmittance of 83%, representing an excellent transparency. In addition, the 
flexural modulus was 180 kg/cm 2 , indicating that this had good flexibility and was not readily 
subject to kinking. Moreover, bonding at the interface between the polyetherester layer and the 
polyvinyl chloride layer was secure, and this remained strongly bonded even after three hours of 
treatment in hot water (90°C). 

Example 2 

A polyetherester elastomer was prepared in accordance with Example 1, using 81.5 parts of 
dimethyl terephthalate, 54.3 parts of dimethyl phthalate, 94.5 parts of 1 ,4-butanediol and 70.0 
parts of poly(tetramethylene oxide) glycol having a number-average molecular weight of about 
800. Next, this polyetherester and a polyvinyl chloride resin containing 30% of diethylhexyl 
phthalate (DEHP) as the plasticizer were fed to a direct multicomponent extruder heated to 
170°C, and extruded from a T-die as a laminated or single-ply sheet with a construction in which 
the thickness of the polyvinyl chloride layer was 0.4-1.0 mm, the thickness of the polyetherester 
layer was 0.6-0 [sic] mm, and the total thickness was 1 mm. The laminated sheet was folded with 
the polyetherester layer on the inside and the three corners were heat-sealed, following which 
[the resulting bag] was filled with 200 cc of blood and this was stored at 5°C for one month in a 
refrigerator. It was apparent that the concentration of DEHP present within the stored liquid is 
greatly suppressed by the inner layer of polyetherester. Moreover, when the polyetherester layer 
becomes too thick, the transparency and elasticity decrease, which is undesirable. 
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Table 1 





[Working examples of] 
the present invention 


Comparative 
examples 


Thickness 
constitution 


Polyetherester inner 
layer 


0.20 


0.10 


0.05 




0.60 


Polyvinyl chloride 
outer layer 


0.80 


0.90 


0.95 


1.00 


0.40 


Transparency 
(transmittance, in %) 


i. > 
83 


o 
84 


85 


85 


75 


Elasticity 
(flexural modulus, in kg/cm 2 ) 


O 
160 


O 
150 


o 

145 


O 
140 


X 

220 


Elution properties 
(amount of DEHP elution, in ppm) 


(_ j 
<0.1 


( \ 
0.2 


r t 
1.3 


X 

35 


( ■ 

<0.1 



Example 3 

The polyetherester obtained in Example 1 was prepared as a film having a thickness of 50 
|im by a hot-pressing method. 

In addition, a sheet (0.8 mm) of plasticized polyvinyl chloride containing 35% of dioctyl 
phthalate was prepared and the two were heat-sealed for two seconds at a pressure of 1 kg/cm 2 
with a heat sealer heated to 180°C. The stress required for delamination by T-peeling the 
interface was more than 1000 g/cm. Even when hot-water treatment was carried out (at 100°C 
for 3 hours), essentially 100% of the bond strength was retained. 

For the sake of comparison, films made of polyethylene terephthalate (A), poly(e- 
caprolactam) (B), a 50/50 (molar ratio) copolymer of e-caprolactam and laurolactam (C), a 
polyester-type urethane (D; "Paraprene"* 26S, Nippon Polyurethane), and a polyether-type 
urethane (E; "Elastoran" E385F, Nippon Elastoran) were each bonded under the same conditions 
with plasticized polyvinyl chloride sheets, but the bond strength in each of these cases was very 
low. 

Initial bond strength (g/cm) Hot-water treatment 

A -0 

B -0 

C -0 

D 40 

E 20 



Peeling 
Peeling 



* Transliterated proper names for which an English equivalent could not be confirmed are enclosed within quotation 
marks. — The Language Service. 
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4. Brief Description of the Diagrams 

Fig. 1 is a cross-sectional diagram of tubing serving as an embodiment of the medical 
laminated formed bodies according to the present invention, and Fig. 2 is a partially cutaway 
view of a bottle. 

Explanation of the Main Symbols 

1 : Inner layer portion of laminated formed body 
2: Outer layer portion of laminated formed body 
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